The aim of this study is to investigate the helix angle effect on the helical gear load carrying capacity, including the bending and contact load carrying capacity. During the simulation, the transverse contact ratio is calculated with respect to the constant pressure angle. By changing the helix angle, both the overlap contact ratio and total contact ratio are calculated and simulated. The bending stress and contact stress of a helical gear are calculated and simulated with respect to the helix angle. Solid (CAD) modelling of a pinion gear was obtained using SOLIDWORKS software. The analytically obtained results and finite elements method results are compared. It is observed that increasing the helix angle causes an increase of the contact ratio of the helical gear. Furthermore, increasing the contact ratio reduces the bending stress and contact stress of the helical gear. However, with a constant transverse contact ratio, it is possible to improve the total contact ratio depending on the helix angle. It is concluded that a higher helix angle increases the helical gear bending and contact load carrying capacity.
Introduction
Gears are widely used to mechanically transmit power in automotive transmissions. The aim of the gears is to couple two shafts together; the rotation of the drive-shaft is a function of the rotation of the drive-shaft in the gear mechanism.
Therefore, determining the geometric design parameters of gears is crucial.
The contact ratio is an important parameter for successful gear design. The helix angle is considered to be an effective parameter to increase the contact ratio of a helical gear. Thus, it is possible to increase the helical gear load carrying One of the disadvantages of increasing the helix angle is the axial forces caused on the helical gear mechanism.
Optimisation of effective design parameters to reduce the tooth bending stress in an automotive transmission gearbox is presented. Therefore, the contact ratio effect on the tooth bending stress by changing the contact ratio with respect to the pressure angle is analysed [1] . It is concluded that a higher contact ratio results in reduced tooth bending stress, while a higher pressure angle and decreased contact ratio caused an increase in tooth bending stress and contact stress [1] .
When the helix angle is increased from 15 [˚] to 35 [˚], the corresponding bending stress and compression stress decrease [2] .
It was concluded that a helix angle increase had significant effects on the tooth-root bending stress and tooth compressive stress. Moreover, it was observed that when the helix angle increased from 0 [˚] to 22.5 [˚] , both the bending stress and compression stress were reduced approximately 10% [3] .
For a given number of teeth, a smaller pressure angle may produce an undercut. However, the contact ratio increases, so the load carrying capacity may improve as the load is distributed along a longer line of contact [4] .
The contact ratio for a helical gear pair increases with the helix angle, which generates the screwed surface of the tooth face [5] .
The aim of this study is to investigate the helix angle effect on the helical gear load carrying capacity, including the bending and contact load carrying capacity.
For this aim the analytically obtained results and finite elements method results are compared. It is concluded that a higher helix angle increases the helical gear bending and contact load carrying capacity.
Method

Pinion and Wheel Gears Mechanism
In the proposed pinion and wheel gear mechanism, all pinion and wheel gears are helical and are made of 16MnCr5.
Helix Angle β
The helix angle, β, is the angle between the helix line and horizontal axis, as shown in Figure 1 .
Contact Ratio
The dimensions of the helical gear are shown in Figure 2 , and the contact line of the helical gear is shown in Figure 3 .
A second pair of mating teeth should come into contact before the first pair is out of contact during pinion and wheel gear running [6] .
If the gear contact ratio is equal to 1, one tooth is leaving contact just as the next tooth is beginning contact. If the gear contact ratio is larger than 1, load sharing among the teeth is possible during pinion and wheel gear running [7] . When the contact ratio is equal to 2 or more, at least two pairs of teeth are theoretically in contact [7] .
If the gear profile contact ratio is less than 2.0, it is called the Low Contact Ratio (LCR). If he gear profile contact ratio equals 2.0 or greater, it is called the High Contact Ratio (HCR).
The contact ratio consists of two parts, such as the transverse contact ratio, ε α , and the overlap or face contact ratio, ε β .
1) Transverse contact ratio ε α
It is well-known that the average number of teeth that are in contact as the gears rotate is the contact ratio (CR). The contact ratio is calculated from the following equation.
The transverse contact ratio, ε α , is calculated as follows [8] [9] [10] [11] . 3) Total contact ratio ε γ The total contact ratio, ε γ is calculated as follows.
where ε α is the transverse contact ratio and ε β is the overlap ratio. Helical gears have higher load carrying capacities than spur gears because their contact ratios are larger than those of spur gears.
Calculating the Load Carrying Capacity of Helical Gears
Nominal Tangential Load
The nominal tangential load F t is calculated as follows. 
Axial Load
Axial load F a is calculated as follows.
where β is helix angle [˚].
Tooth Bending Stress
The real tooth-root stress, σ F is calculated as follows [8] [9] [10] [11] [12] . The bending stress of the tooth-root is shown in Figure 4 . 
Tooth Contact Stress
The real contact stress, σ H is calculated as follows [8] [9] [10] [11] [12] . The contact stress at the tooth flank is shown in Figure 5 . 
where σ Hp is the permissible contact stress.
Finite Elements Model
Solid (CAD) modelling of a pinion gear was obtained using SOLIDWORKS software. A solid model is essential for finite element method (FEM) analysis [13] [14]. Solid (CAD) modelling of a pinion gear is shown in Figure 6 .
Finite Element Analysis
The obtained Solid (CAD) model is used to obtain the finite element method (FEM) model using the SOLIDWORKS finite element tool.
1) Boundary conditions To simulate the actual conditions of the pinion gear for analysis, the boundary conditions below were used.
a) The pinion gear was constrained in the centre of the pinion gear.
b) The applied load for bending the pinion gear tooth was considered at the tooth top surface.
Numerical Example
During simulation, the tooth bending stress and tooth contact stress were calculated according to ISO 6336. The effects of the helix angle on the tooth bending stress and tooth contact stress are analysed by varying the helix angle. The tooth bending stress and tooth contact stress parameters are shown in Table 1 .
The tooth bending stress and tooth contact stress simulation results are shown in Table 2 .
Helix Angle and Overlap Contact Ratio Relation
The helix angle and overlap contact ratio relation are shown in Figure 
Helix Angle and Total Contact Ratio Relation
The helix angle and total contact ratio relation are shown in Figure 8 . 
Helix Angle and Bending Stress Relation
The helix angle and tooth bending stress relation are shown in Figure 9 . 
Helix Angle and Tooth Contact Stress Relation
The helix angle and contact stress relation are shown in Figure 10 . 
Helix Angle and Axial Force Relation
The helix angle and axial force relation is shown in Figure 11 . As the helix angle 
Static Structural Analysis with FEM
Static structural analysis of the pinon gear was completed for the applied load considering the Von Mises stress. The Von Mises stress is written as follows. 
Theoretical bending stress is written as follows.
Applied Load
The applied load was considered in 6 different pinion gears that had 6 different helix angles. The Von-Mises stresses are shown in Figures 12-17. 
Solution
The Von Mises stress obtained by finite elements analyses are shown in Table 3 .
A comparison between Von Mises Stress with FEM and analytical static stress depending on the helix angle is shown in Figure 12 . By observing obtained finite elements method results, it is concluded that 45% increased helix angle result in 6.5% decreased Von Mises stress.
The 
Conclusions
During simulation, tooth bending stress and tooth contact stress were calculated according to ISO 6336. Solid (CAD) modelling of a pinion gear was completed World Journal of Engineering and Technology The effect of the helix angle on the tooth bending stress and tooth contact stress was analysed by varying helix angle, and the following conclusions are drawn.
Increasing the helix angle β, results in increasing the overlap contact ratio ε β . Thus, increasing the helix angle β results in increasing the total contact ratio ε γ .
Increasing the helix angle β results in a reduction of the tooth bending stress σ F and tooth contact stress σ H .
The analytically obtained results are verified by the finite element method M. Bozca Helical gears have higher load carrying capacities than spur gears because their contact ratios are larger than those of spur gears.
Increasing the helix angle β results in an increase in the axial force Fa. Thus, one of the disadvantages of increasing the helix angle is the increase of axial forces on the helical gear mechanism.
Conflicts of Interest
The author declares no conflicts of interest regarding the publication of this paper.
